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(57) A rotator supporting mechanism in a micrograv- 
itational rotating apparatus comprises a magnetic bear- 
ing of the rotator so as to effect a vibration control. Re- 
cess portions 10a, 1 0b are provided in a casing 10. Coils 
1 , 2 of the magnetic bearings 11.12 and vibration sen- 
sors 3, 4 are arranged in the recess portions 10a, 10b 
being fitted to the casing 1 0 side. A rotary shaft 30 has 
its upper end inserted into the recess portion 1 0a and 
its lower end inserted into the recess portion 1 0b and 
connected to a motor 13. Both ends of the rotary shaft 
30 are supported by a magnetic force. Arms 24 to 27, 
extending horizontally on X and Y axes, have their one 
ends fitted to the rotary shaft 30 and the other ends fitted 
with experimental boxes 20 to 23. Plants, animals, etc. 
are placed in the boxes 20 to 23 and, while they are ro- 
tated in the space, experiments are performed. While 
vibration occurs in the rotary shaft 3d due to weight im- 
balances between each of the boxes 20 to 23, the vibra- 
tion is detected by the vibration sensors 3, 4 to thereby 
control exciting current of the coils 1 , 2, so that the vi- 
bration is controlled. 
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Description 

TECHNICAL FIELD 

[0001 ] The present invention relates generally to a ro- 
tator supporting mechanism in a microgravitational ro- 
tating apparatus performing experiments in the space 
and more particularly to a rotator supporting mechanism 
comprising a magnetic bearing, etc. as a bearing of the 
rotator to thereby actively control vibration occurring in 
the rotator to spread therearound. 

BACKGROUND ART 

[0002] Fig. 20 is a schematic plan view showing a pri- 
or art example of a rotating apparatus currently used for 
experiments in the space. In Fig. 20, a rotating device 
60, such as a motor, has four supporting members 61 , 
62, 63, 64 fitted thereto extending radially. Experimental 
boxes 70, 71 , 72, 73 are fitted to respective ends of the 
supporting members 61 to 64 and experimental objects, 
such as plants, are contained in the experimental boxes 
70 to 73. In the microgravitational state, such rotating 
apparatus is driven by the rotating device 60 to rotate in 
a slow speed of about 1 rotation/second and experi- 
ments of the objects in the experimental boxes 70 to 73, 
while rotating, are carried out. 

[0003] In the mentioned rotating apparatus, the ex- 
perimental boxes 70 to 73 are fitted to the ends of the 
supporting members 61 to 64, so that the end-portions 
thereof become large in the shape. Also, while the ro- 
tating apparatus itself is symmetrical around the rotating 
axis, the experimental objects of different kinds and dif- 
ferent sizes are contained in the experimental boxes 70 
to 73 and there are caused weight imbalances between 
the experimental objects so contained. Hence, by the 
rotation, vibration occurs in a rotary shaft as well as in 
the supporting members 61 to 64 and the experimental 
boxes 70 to 73, thereby moving the experimental ob- 
jects or giving bad influences thereon. 
[0004] In the prior art rotating apparatus used in the 
space, as described above, vibration occurs during the 
rotation to be transmitted to arms; like the supporting 
members, and the experimental boxes, that constitute 
a rotator, and gives bad influences on the experimental 
objects: 

[0005] Also, the vibration spreads to the surrounding 
environment via the rotary shaft and gives influences on 
the surrounding space equipment and apparatus as well 
as on the control thereof. Such vibration can be solved 
by structural means to the extent that the vibration is a 
steady-state vibration that can be known beforehand. 
But if the vibration accompanies changes of arbitrarily 
occurring vibration modes, countermeasures therefor 
are difficult and control thereof is also limited. Thus, any 
of countermeasures therefor is being desired. 
[0006] As mentioned above, the vibration occurring in 
the space is to be avoided to the extent possible and, 



for this purpose, studies are currently carried out so as 
to use an elastic bearing, such as comprising a spring, 
as a bearing of the rotary shaft and also so as to sup- 
press vibration of the shaft by controlling exciting current 
5 of a coil in a magnetic bearing. However, an effective 
vibration control means is not definitively obtained yet. 

DISCLOSURE OF THE INVENTION 

10 [0007] It is therefore an object of the present invention 
to provide a rotator supporting mechanism in a micro- 
gravitational rotating apparatus that employs a magnet- 
ic bearing as a bearing of a rotary^shaft for effecting an 
active vibration control so that arbitrary vibration occur- 

15 ring in the rotating apparatus in the space to spread to 
the surrounding environment via the rotary shaft may be 
actively controlled and arbitrary modes of the vibration 
may be suppressed. 

[0008] It is also an object of the present invention to 

20 provide a rotator supporting mechanism in a micrograv- 
itational rotating apparatus that employs a magnetic coil 
provided around a rotary shaft of a rotator or provided 
in a bearing of the rotary shaft for effecting an active 
vibration control by changing control inputs correspond- 

25 ing to changes in the vibration characteristics or in the 
natural frequency so that arbitrary vibration occurring in 
the rotating apparatus in the space to spread to the sur- 
rounding environment via the rotator may be actively 
controlled and arbitrary modes of the vibration may be 

30 suppressed. 

[0009] It is another object of the present invention to 
provide a rotator supporting mechanism in a micrograv- 
itational rotating apparatus in which a magnetic bearing 
of the microgravitational rotating apparatus is improved 

35 to comprise an active vibration control magnetic bearing 
and a bias control magnetic bearing separately from 
each other to thereby effectively control even a very 
small vibration so that no vibration may spread to a cas- 
ing side via the magnetic bearings and no bad influence 

40 may be given on equipment or apparatus outside of the 
casing. 

[0010] Also, it is still another object of the present in- 
vention to provide a rotator supporting mechanism in a 
microgravitational rotating apparatus in which a support 

45 mechanism by means of a magnetic bearing is added 
with an elastic support mechanism so that, even while 
the magnetic bearing is supplied with no electric power, 
a rotary shaft may be supported at a central position 
and, even at the time of operation start, no collision or 

so hitting of the rotary shaft occurs. 

[0011] In order to achieve the mentioned objects, the 
present invention provides means of the following (1) to 
(23). 



55 



(1) A rotator supporting mechanism in a micrograv- 
itational rotating apparatus, the rotator comprising 
a rotary shaft, provided within a casing of the micro- 
gravitational rotating apparatus, having its both 
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ends or one end supported to the side of the casing 
by a bearing of the rotator supporting mechanism 
so as to be rotationally driven by a motor, a plurality 
of arms, extending radially, having their one ends 
fitted to a circumferential periphery of the rotary 5 
shaft and a plurality of boxes, fitted to the other ends 
of the plurality of arms, in which a gravitational, or 
gravity-adding, object is placed, characterized in 
that the rotator supporting mechanism comprises a 
control unit that controls a position holding force of 10 
the bearing for holding the rotary shaft so as to ef- 
fect a vibration control of the rotary shaft. 

(2) A rotator supporting mechanism as mentioned 
in (1) above, characterized in that the bearing is a 
magnetic bearing, having a coil, fitted to the casing * 5 
side being arranged closely to a circumferential pe- 
riphery of the rotary shaft, the rotator supporting 
mechanism further comprises a plurality of vibration 
sensors fitted to the casing side being arranged 
closely to the coil as well as closely to the circum- 20 
f erential periphery of the rotary shaft and the control 
unit takes displacement signals sent from the plu- 
rality of vibration sensors to thereby detect vibration 

of the rotary shaft from displacement of the rotary 
shaft and controls exciting current of the coil so as 25 
to effect the vibration control. 

(3) A rotator supporting mechanism as mentioned 
in (2) above, characterized in that the plurality of vi- 
bration sensors, instead of being fitted to the casing 
side, are fitted both to the casing side and the rotary 30 
shaft or only to the rotary shaft and the control unit 
takes the displacement signals sent from the plural- 
ity otvibration sensors and controls the exciting cur- 
rent of the coil so as to effect an active vibration con- 
trol of the rotary shaft. 35 

(4) A rotator supporting mechanism as mentioned 
in (2) or (3) above, characterized in that the rotator 
supporting mechanism further comprises a gap 
sensor or displacement sensor fitted to the casing 
side being arranged closely to the coil and the con- 40 
trol unit measures a distance between the rotary 
shaft and the gap sensor or displacement sensor 
and controls the exciting current of the coil so as to 
effect an active vibration control of the rotary shaft. 

(5) A rotator supporting mechanism as mentioned 45 
in (2) or (3) above, characterized in that the rotator 
supporting mechanism further comprises an optical 
sensor or laser displacement gauge fitted to the 
casing side being arranged closely to the coil and 
the control unit measures a distance between the so 
rotary shaft and the optical sensor or laser displace- 
ment gauge and controls the exciting current of the 
coil so as to effect an active vibration control of the 
rotary shaft. 

(6) A rotator supporting mechanism as mentioned 55 
in (4) above, characterized in that the rotator sup- 
porting mechanism, instead of comprising the plu- 
rality of vibration sensors, comprises only the gap 



sensor or displacement sensor fitted to the casing 
side being arranged closely to the coil and the con- 
trol unit measures the distance between the rotary 
shaft and the gap sensor or displacement sensor or 
measures the displacement of the rotary shaft to 
thereby detect the vibration of the rotary shaft and 
controls the exciting current of the coil so as to effect 
the active vibration control of the rotary shaft. 

(7) A rotator supporting mechanism as mentioned 
in any one of (2) to (4) above, characterized in that 
the control unit takes the displacement signals from 
the plurality of vibration sensors to thereby detect 
the vibration of the rotary shaft, compares the vibra- 
tion with a predetermined vibration demand value 
and controls the exciting current of the coil so that 
the vibration may be suppressed below the vibra- 
tion demand value. 

(8) A rotator supporting mechanism as mentioned 
in any one of (4) to (6) above, characterized in that 
the control unit, based on signals from any one of 
the gap sensor, displacement sensor, optical sen- 
sor and laser displacement gauge, measures the 
distance to the rotary shaft or the displacement of 
the rotary shaft to thereby detect the vibration of the 
rotary shaft, compares a spectrum of the vibration 
with a predetermined spectrum demand value and 
controls the exciting current of the coil so that the 
vibration may be actively suppressed below the 
spectrum demand value. 

(9) A rotator supporting mechanism as mentioned 
in any one of (2) to (8) above, characterized in that 
if and while the control unit detects acceleration or 
amplitude of the vibration in excess of a demand 
value, the control unit effects the vibration control 
of the rotary shaft so that the vibration may be sup- 
pressed below the demand value concentrically 
with respect to a vibration range in excess of the 
demand value. 

(1 0) A rotator supporting mechanism as mentioned 
in any one of (2) to (9) above, characterized in that 
if and while the- control -unit detects acceleration 
or amplitude of the vibration in excess of a demand 
value, the control unit effects the vibration control 
of the rotary shaft so that the vibration may be sup- 
pressed below the demand value concentrically 
with respect to a vibration range in excess of the 
demand value and at the same time stores informa- 
tion on frequency and acceleration or amplitude or 
all of these data of the vibration in excess of the de- 
mand value so that the information may be reflected 
on a control law that enables subsequent active vi- 
bration controls. 

(11) A rotator supporting mechanism as mentioned 
in any one of (2) to (9) above, characterized in that 
if and while the control unit detects acceleration or 
amplitude of the vibration in excess of a demand 
value, the control unit effects the vibration control 
of the rotary shaft so that the vibration may be sup- 
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pressed below the demand value concentrically 
with respect to a vibration range in excess of the 
demand value and at the same time compares in- 
formation on frequency and acceleration or ampli- 
tude or all of these data of the vibration in excess 5 
of the demand value with previously stored vibration 
data so that a cause of the vibration may be 
grasped. 

(12) A rotator supporting mechanism as mentioned 

in any one of (2) to (9) above, characterized in that 10 
if and while the control unit detects acceleration or 
amplitude of the vibration in excess of a demand 
value, the control unit effects the vibration control 
of the rotary shaft so that the vibration may be sup- 
pressed below the demand value concentrically 15 
with respect to a vibration range in excess of the 
demand value and at the same time compares in- 
formation on frequency and acceleration or ampli- 
tude or all of these data of the vibration in excess 
of the demand value with previously stored vibration 20 
data so that a cause of the vibration may be grasped 
and learned to be reflected on a control law that is 
owned by the control unit to thereby enhance a con- 
trol ability. 

(1 3) A rotator supporting mechanism as mentioned 25 
in (1) above, characterized in that the bearing com- 
prises a bearing supporting both ends of the rotary 
shaft and a vibration control coil arranged around 
the rotary shaft with a predetermined gap being 
maintained from the rotary shaft, the rotator sup- 30 
porting mechanism further comprises a plurality of 
vibration sensors fitted to the casing side being ar- 
ranged closely to the vibration control coil as well 

as being equally spaced around the rotary shaft with 
a predetermined gap being maintained from the ro- 35 
tary shaft and the control unit takes displacement 
signals of the gap sent from the plurality of vibration 
sensors and, if the displacement signals are in ex- 
cess of a predetermined value, controls exciting 
current of the vibration control coil and, in controlling *o 
the excitation of the vibration control coil, the control 
unit puts out signals of which amplitude is changed 
by combining a linear signal and a non-linear signal 
corresponding to sizes of the displacement signals 
so as to effect an active vibration control. 45 

(1 4) A rotator supporting mechanism as mentioned 
in (13) above, characterized in that the bearing sup- 
porting both ends of the rotary shaft is a magnetic 
bearing and the magnetic bearing not only functions 

to support the rotary shaft but also functions as the 50 
vibration control coil. 

(15) A rotator supporting mechanism as mentioned 
in (13) above, characterized in that the vibration 
control coil comprises coil portions divided corre- 
sponding to number and position of the plurality of 55 
vibration sensors and the control unit judges a po- 
sition of the vibration sensor of which displacement 
signal is the largest out of the displacement signals 



sent from the plurality of vibration sensors and con- 
trols exciting current of that coil portion of the vibra- 
tion control coil corresponding to the position of the 
vibration sensor. 

(1 6) A rotator supporting mechanism as mentioned 
in (14) above, characterized in that the magnetic 
bearing comprises coil portions divided corre- 
sponding to number and position of the plurality of 
vibration sensors and the control unit judges a po- 
sition of the vibration sensor of which displacement 
signal is the largest out of the displacement signals 
sent from the plurality of vibration sensors and con- 
trols exciting current of that coil pottioi) of the mag- 
netic bearing corresponding to the position of the 
vibration sensor. 

(17) A rotator supporting mechanism as mentioned 
in (1 5) or (1 6) above, characterized in cthat the con- 
trol unit measures time-wise changes of the dis- 
placement signals sent from the plurality of vibration 
sensors, computes a change rate and an inclination 
of the changes of the respective time-wise changes 
and, based on any of the computation results, ena- 
bles to adjust exciting force of the magnetic bearing 
so as to effect an appropriate vibration control. 

(1 8) A rotator supporting mechanism as mentioned 
in (2) above, characterized in that the magnetic 
bearing supporting both ends of the rotary shaft 
comprises a vibration control magnetic bearing and 
a bias control magnetic bearing that effects a posi- 
tion holding of the rotary shaft. 

(1 9) A rotator supporting mechanism as mentioned 
in (2) above, characterized in that the magnetic 
bearing supporting both ends of the rotary shaft 
comprises two vibration control magnetic bearings 
and a bias control magnetic bearing arranged be- 
tween the two vibration control magnetic bearings. 

(20) A rotator supporting mechanism as mentioned 
in (2) above, characterized in that the magnetic 
bearing supporting both ends of the rotary shaft 
comprises two bias control magnetic bearings that 
effect a position holding of the rotary shaft and a 
vibration control magnetic bearing arranged be- 
tween the two bias control magnetic bearings. 

(21) A rotator supporting mechanism as mentioned 
in any one of (18) to (20) above, characterized in 
that the vibration control magnetic bearing functions 
only to effect the vibration control of the rotary shaft 
and the bias control magnetic bearing functions to 
effect the position holding of the rotary shaft as well 
as to effect a position control of the rotary shaft so 
as to weaken the position holding force of the rotary 
shaft while the vibration control magnetic bearing is 
effecting the vibration control. 

(22) A rotator supporting mechanism as mentioned 
in (2) above, characterized in that the magnetic 
bearing supporting both ends of the rotary shaft is 
supported to the casing side via an elastic support 
mechanism that is arranged on an outer circumfer- 
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ential side of the magnetic bearing and a shaft sup- 
porting force of the elastic support mechanism is set 
to a value smaller than a shaft supporting force of 
the magnetic bearing. 

(23) A rotator supporting mechanism as mentioned 5 
in (22) above, characterized in that the elastic sup- 
port mechanism comprises a main body holding the 
magnetic bearing for supporting the rotary shaft and 

a plurality of springs connecting an outer circumfer- 
ential surface of the main body and the casing side. 10 

(24) A rotator supporting mechanism as mentioned 
in (22) above, characterized in that the elastic sup- 
port mechanism comprises a main body holding the 
magnetic bearing for supporting the rotary shaft and 

an elastic member, made of an elastic material , con- 1 5 
necting an outer circumferential surface of the main 
body and the casing side. 

[0012] In the means (1 ) above, objects as experimen- 
tal objects that add gravity in the microgravitational en- 20 
vironment in the space are placed in the plurality of box- 
es and the boxes rotate around the rotary shaft. The ob- 
jects are plants or animals, for example, and there are. 
caused imbalances in the weight between each of the 
boxes. Hence, when the rotator rotates, vibration occurs 25 
due to differences in the acceleration. The control unit 
controls the position holding force of the bearing for 
holding the rotary shaft to thereby suppress displace- 
ments of the rotary shaft caused by the vibration. Thus, 
the vibration of the rotator, that comprises the rotary 30 
shaft, the arms and the boxes, can be controlled to be 
suppressed to the minimum. 

[0013] In the.means (2) above, the rotary shaft has its 
both ends or one end supported by the magnetic bear- 
ing. If vibration occurs in the rotary shaft due to imbal- 35 
ances in the objects in the boxes or imbalances in the 
system, the vibration is detected as displacements of 
the rotary shaft by the vibration sensors arranged close- 
ly to the circumferential periphery of the rotary shaft and 
signals thereof are inputted into the control unit. The -*o 
control unit detects the vibration of the rotary shaft 
based on these displacement signals and controls the 
exciting current of the coil of the magnetic bearing so as 
to effect the vibration control of the rotary shaft. Thus, 
the vibration is controlled to be suppressed and is pre- *s 
vented from spreading to the surrounding environment 
in the space via the bearing of the rotary shaft. 
[0014] In the means (3) above, the vibration sensors 
are fitted both to the casing side and the rotary shaft or 
fitted to the rotary shaft. In the means (4) above, in ad- 50 
dition to the vibration sensors, the gap sensor or dis- 
placement sensor is provided and in the means (5) 
above, the optical sensor or laser displacement gauge 
is provided. Thus, the detection of the vibration of the 
rotary shaft can be done with a higher accuracy. 55 
[001 5] In the means (6) above, instead of the vibration 
sensors of the means (4) above, the construction is 
made so as to detect the vibration only by the gap sensor 



or displacement sensor. Hence, the construction of the 
sensors can be simplified according to the sensing pur- 
pose or the objects in the boxes. 
[0016] In the means (7) above, if the control unit de- 
tects the vibration of the rotary shaft, it compares the 
vibration with the previously set vibration demand value 
to which the vibration as in a rotating device is to be 
suppressed and controls the exciting current of the coil 
so that the vibration may be suppressed below the de- 
mand value. Hence, bad influences given on other 
equipment or apparatus in the space can be avoided. 
[0017] In the means (8) above, the control unit detects 
the vibration based on the displacements of the rotary 
shaft detected by the gap sensor, the displacement sen- 
sor, the optical sensor or the laser displacement gauge, 
compares the vibration with the spectrum demand value 
that is set with respect to the vibration spectrum and ef- 
fects the control so as to suppress the vibration below 
the demand value. In the means (9) above, if the detect- 
ed vibration acceleration or amplitude is in excess of the 
demand value, the control unit effects the vibration con- 
trol so that the vibration may be suppressed below the 
demand value concentrically with respect to the vibra- 
tion range in excess of the demand value. Thus, the vi- 
bration can be instantaneously suppressed. 
[0018] In the means of (10)^above, the control unit 
stores the information of the frequency, acceleration, 
amplitude, etc. of the detected vibration to be reflected 
on the control law of the subsequent vibration controls. 
In the means (1 1 ) above, the detected vibration data are 
compared with the previously stored data so that the 
cause of the vibration may be grasped and, in the means 
(12) above, the cause of the vibration is grasped based 
on the result of the comparison and learned so as to be 
reflected on the control law. Hence, by the learning func- 
tion, the vibration control becomes more accurate. 
[0019] In the means (13) above, the vibration of the 
rotator is detected as the displacements of the gap be- 
tween the rotary shaft and the casing side by the plurality 
of vibration sensors arranged around the rotary shaft 
and the displacement signals sent from the vibration 
sensors are inputted into the control unit. If the displace- 
ment signals are large as compared with the predeter- 
mined value that is set to the ordinary non-vibrating 
state, the control unit controls the exciting current of the 
vibration control coll to thereby control the displace- 
ments of the gap caused by the vibration of the rotator. 
In this control of the vibration control coil, the control unit 
puts out the signals of which amplitude is changed by 
combining the linear signal and the non-linear signal 
corresponding to the sizes of the displacement signals 
sent from the vibration sensors and the vibration control 
coil is controlled by the output signals so put out by the 
control unit. By this control, the vibration can be optimal- 
ly suppressed and converged. 

[0020] In the means (14) above, the bearing support- 
ing both ends of the rotary shaft is a magnetic bearing 
and this magnetic bearing functions both as the rotary 
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shaft supporting bearing and the vibration control coil. 
Hence, the structure of the vibration control system of 
the rotator is simplified and the vibration can be optimal- 
ly suppressed and converged at both ends of the rotary 
shaft. 

[0021] In the means (15) above, the vibration control 
coil is divided into the coil portions and also in the means 
(16) above, the coil of the magnetic bearing is divided 
into the coil portions. Thereby, the exciting current of the 
coil portion corresponding to the position where the dis- 
placement due to the vibration of the rotator is the larg- 
est is effectively controlled and thus the vibration of the 
rotator can be more effectively controlled. 
[0022] In the means (1 7) above, the control unit com- 
putes the change rate and the inclination of the changes 
with respect to the time-wise changes in the vibration 
signals sent from the vibration sensors and correspond- 
ing to the sizes of the change rate and the inclination, 
the excitation of the vibration control coil is controlled. 
Hence, a higher accuracy of the vibration control can be 
realized. 

[0023] I n the means (1 8) above, the magnetic bearing 
supporting both ends of the rotary shaft is constructed 
by the vibration control magnetic bearing that effects the 
active vibration control and the bias control magnetic 
bearing that effects the position holding. The bias con- 
trol magnetic bearing holds the rotary shaft at the central 
position of the rotation by the magnetic force. The vibra- 
tion control magnetic bearing is controlled such that, up- 
on occurrence of the vibration of the rotary shaft, the 
vibration control magnetic bearing generates a magnet- 
ic force so as to weaken the position holding force of the 
bias control magnetic bearing to a predetermined extent 
to thereby mitigate the position holding force of the ro- 
tary shaft. At the same time, the control to effect the ac- 
tive vibration control of the rotary shaft is carried out. 
Thus, the vibration caused by the stiff supporting force 
given by the bias control magnetic bearing is mitigated 
and even a very small vibration is prevented from 
spreading outside. Hence : the vibration can be effec- 
tively controlled. 

[0024] In the means (1 9) above, the magnetic bearing 
supporting both ends of the rotary shaft is constructed 
by the two vibration control magnetic bearings and the 
bias control magnetic bearing arranged between them. 
Hence, like in the means (18) above, the vibration oc- 
curring in the rotary shaft can be prevented from spread- 
ing outside of the casing. Moreover, the rotary shaft has 
its both ends supported by the magnetic bearing having 
therein the two vibration control magnetic bearings that 
are arranged in a good balance and thus a more effec- 
tive vibration control becomes possible. 
[0025] In the means (20) above, the magnetic bearing 
supporting both ends of the rotary shaft is constructed 
by the two bias control magnetic bearings and the vibra- 
tion control magnetic bearing arranged between them. 
Hence, like in the means (18) above, the vibration oc- 
curring in the rotary shaft can be preventedf rom spread- 



ing outside of the casing. Moreover the rotary shaft has 
its both ends supported by the magnetic bearing having 
therein the two bias control magnetic bearings that are 
arranged in a good balance and thus the position hold- 
5 ing of the rotary shaft is ensured and a more effective 
vibration control becomes possible. 
[0026] In the means (21) above, while the vibration 
control magnetic bearing is effecting the vibration con- 
trol of the rotary shaft, the exciting current of the bias 
10 control magnetic bearing is controlled so as to weaken 
the position holding force of the rotary shaft to a prede- 
termined extent. Thereby, the position holding force giv- 
en by the bias control magnetic bearing for (holding the 
rotary shaft is weakened and the vibration of the rotary 
15 shaft is given an increased freedom relative to the bias 
control magnetic bearing. Thus, the vibration is prevent- 
ed from spreading to the casing side via the bias control 
magnetic bearing and is effectively controlled by the vi- 
bration control magnetic bearing. 
20 [0027] In the means (22) above, the magnetic bear- 
ing, while supporting both ends of the rotary shaft, is 
supported by the elastic support mechanism and there- 
by the rotary shaft can be supported at the central po- 
sition of the rotation, even while the magnetic bearing is 
25 being supplied with no power. Also, the shaft supporting 
force of the elastic support mechanism is set smaller 
than that of the magnetic bearing. On the other hand, 
the shaft supporting force of the elastic support mecha- 
nism is set so as to have a minimum shaft supporting 
30 force to support the rotary shaft at the central position 
while the magnetic bearing is being supplied with no 
power and no supporting force of the magnetic bearing 
is being generated. Hence, the vibration occurring in the 
rotary shaft is prevented from spreading to the casing 
35 side via the magnetic bearing and the vibration is effec- 
tively controlled by the magnetic bearing. 
[0028] In the means (23) above, the elastic support 
mechanism is constructed by the main body holding the 
magnetic bearing and the plurality of springs connecting 
40 the main body to the casing side. Also, in the means 
(24) above, the elastic support mechanism is construct- 
ed by the main body holding the magnetic bearing and 
the elastic member, made of an elastic material, con- 
necting the main body to the casing side. Thus, the ro- 
45 tary shaft can be elastically supported by a simple elas- 
tic support mechanism. The elastic support may be re- 
alized not only by such an elastic material as rubber, 
sponge rubber or urethane but also by a supporting 
means using a fluid material, a fluid bearing, etc. 

so 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] Figs. 1(a) to (c) show a rotator supporting 
mechanism in a microgravitational rotating apparatus of 
55 a first embodiment according to the present invention, 
wherein Fig. 1(a) is a cross sectional side view, Fig. 1 
(b) is a cross sectional view seen from arrows on line 
A-A of Fig. 1 (a) and Fig. 1 (c) is a cross sectional view 
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seen from arrows on line B-B of Fig. 1 (a). 
[0030] Fig. 2 is a control system diagram of the rotator 
supporting mechanism of the first embodiment. 
[0031] Fig. 3 is a control flow chart of the rotator sup- 
porting mechanism of the first embodiment 5 
[0032] Fig. 4 is a cross sectional side view of an upper 
half portion of a rotator supporting mechanism in a mi- 
crogravitational rotating apparatus of a second embod- 
iment according to the present invention. 
[0033] Figs. 5(a) and (b) are graphs showing two ex- 10 
amples of a demand value and a control effect of a vi- 
bration control in the rotator supporting mechanisms of 
the first and the second embodiments. 
[0034] Figs. 6(a) to (c) show an active control system 
as a rotator supporting mechanism in a microgravita- 15 
tional rotating apparatus of a third embodiment accord- 
ing to the present invention, wherein Fig. 6(a) is a cross 
sectional side view, Fig. 6(b) is a cross sectional view 
seen from arrows on line C-C of Fig. 6(a) and Fig. 6(c) 
is a cross sectional view seen from arrows on line D-D 20 
of Fig. 6(a). 

[0035] Fig. 7 is a control system diagram of the third 
embodiment. 

[0036] Figs. 8(a) to (c) show three patterns of excita- 
tion of a vibration control coil of the third embodiment, 25 
wherein Figs. 8(a) and (b) show patterns combining lin- 
ear and non-linear ones and Fig. 8(c) shows a pattern 
having only a non-linear one. 

[0037] Fig. 9 is a control system diagram of a rotator 
supporting mechanism in a micro gravitational rotating 30 
apparatus of a fourth embodiment according to the 
present invention. 

[0038] Fig. 1 0 is a cross sectional side view of a rota- 
tor supporting mechanism in a microgravitational rotat- 
ing apparatus of a fifth embodiment according to the 35 
present invention. 

[0039] Figs. 11(a) and (b) show cross sectional por- 
tions of the rotator supporting mechanism of the fifth em- 
bodiment shown in Fig. 10, wherein Figs. 11 (a) is across 
sectional view seen from arrows on line E-E of Fig. 10 *o 
and Fig. 1 1 (b) is a cross sectional view seen from arrows 
on line F-F of Fig. 10. 

[0040] Figs. 12(a) and (b) are signal timing charts 
showing a vibration control state with respect to the fifth 
embodiment, wherein Fig. 12(a) shows an example in ^ 
which a bias control magnetic bearing is not controlled 
and Fig. 12(b) shows an example in which the bias con- 
trol magnetic bearing is controlled. 
[0041] Fig. 13 is a cross sectional side view of a rota- 
tor supporting mechanism in a microgravitational rotat- so 
ing apparatus of a sixth embodiment according to the 
present invention. 

[0042] Fig. 14 is a cross sectional side view of a rota- 
tor supporting mechanism in a microgravitational rotat- 
ing apparatus of a seventh embodiment according to the 55 
present invention. 

[0043] Fig. 15 is a cross sectional side view of a rota- 
tor supporting mechanism in a microgravitational rotat- 
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ing apparatus of an eighth embodiment according to the 
present invention. 

[0044] . Fig. 1 6 is a cross sectional view seen from ar- 
rows on line G-G of Fig. 15. 

[0045] Fig. 1 7 is a cross sectional view seen from ar- 
rows on line H-H of Fig. 15. 

[0046] Figs. 18(a) and (b) show a rotator supporting 
mechanism in a microgravitational rotating apparatus of , 
a ninth embodiment according to the present invention, 
wherein Fig. 18(a) is a cross sectional view taken on a 
substantially same line as the line G-G of Fig. 15 and 
Fig. 1 8(b) is a cross sectional view taken on line J-J of 
Fig. 18(a). 

[0047] Fig. 19 is a cross sectional view of the ninth 
embodiment taken on a substantially same line as the 
line H-H of Fig. 15. 

[0048] Fig. 20 is a schematic plan view showing a pri- 
or art example of a rotating apparatus currently used for 
experiments in the space. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0049] Herebelow, the invention will be described 
more concretely based on embodiments with reference 
to appended drawings. 

[0050] Figs. 1(a) to (c) show a rotator supporting 
mechanism in a microgravitational rotating apparatus of 
a first embodiment according to the present invention, 
wherein Fig. 1(a) is a cross sectional side view, Fig. 1 
(b) is a cross sectional view seen from arrows on line 
A-A of Fig. 1(a) and Fig. 1 (c) is a cross sectional view 
seen from arrows on line B-B of Fig. 1(a). In Fig. 1(a), 
numeral 10 designates a casing, that contains therein 
an entire rotator. Within the casing 1 0, there are provid- 
ed recess portions 10a, 10b projecting outwardly from 
upper and lower outer walls of the casing 1 0 and mag- 
netic bearings 11 , 12 are arranged on inner circumfer- 
ential wall surfaces of the recess portions 10a, 10b, re- 
spectively. The magnetic bearings 11,12 comprise coils 
1 , 2 for excitation that are arranged on the inner circum- 
ferential wall surfaces of the recess portions 10a, 10b, 
respectively, so as to form the magnetic bearings. Nu- 
merals 3, 4 designate vibration sensors, that are ar- 
ranged on casing inner sides of the coils 1 , 2 in the re- 
cess portions 10a, 10b, respectively, for detecting dis- 
placements of gaps between the sensors 3, 4 and a ro- 
tary shaft 30 to thereby detect vibration of the rotary 
shaft 30, as will be described later. The vibration sensors 
3, 4 are arranged, as shown in Fig. 1 (c), in four pieces 
symmetrically around the rotary shaft 30 so that vibra- 
tion displacements of the rotary shaft 30 may be detect- 
ed in the directions of +X and ±Y axes. Also, as will be 
described later, the vibration sensors may be arranged 
so that displacements of the rotary shaft 30 in the direc- 
tion of ± 2 axis, that is, in the axial direction of the rotary 
shaft, maybe detected. It is to be noted that the vibration 
sensors 3, 4 may be fitted not only to the casing 1 0 side 
but also to the rotary shaft 30 side or they may be fitted 
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only to the rotary shaft 30 side. 

[0051] Numeral 30 designates the rotary shaft, as 
mentioned above, that has its upper and lower ends ar- 
ranged in the recess portions 10a ; 10b, respectively, 
such that the upper end is supported by the magnetic 
bearing 11 and the lower end is supported by the mag- 
netic bearing 12 and is connected to a motor 13. Thus, 
the rotary shaft 30 is supported in a space by the mag- 
netic force with a predetermined gap being maintained 
between the rotary shaft 30 and the coils 1 , 2 to be ro- 
tatable by the motor 13. As shown in Fig. 1 (b),four arms 
24, 25, 26, 27 have their one ends fixed to an outer cir- 
cumferential periphery of the rotary shaft 30 extending 
horizontally in the directions of X and Y axes and have 
the other ends fitted with experimental boxes or contain- 
ers (hereinafter simply referred to as "the experimental 
boxes") 20, 21 , 22, 23. 

[0052] It is to be noted that the rotary shaft 30 may be 
constructed by a permanent magnet or an exciting coil 
so as to be supported by a magnetic repulsive force or 
attractive force and also the magnetic bearing may be 
provided not on both ends of the rotary shaft 30 but only 
on either one thereof. 

[0053] In the rotator comprising the rotary shaft 30, 
the arms 24 to 27 and the experimental boxes 20 to 23, 
mentioned above, experimental objects of plants, ani- 
mals, etc. are placed in the experimental boxes 20 to 
23. In the space environment; the motor 13 is driven to 
rotate the experimental boxes 20 to 23 in a slow speed 
so that experiments to observe a growing state of the 
plants, a living state of the animals, etc. in the space 
may be carried out. As various experimental objects 
having different shapes, sizes and weights are so con- 
tained in the experimental boxes 20 to 23, when they 
are rotated, there occur differences in the acceleration 
caused by the imbalances in the weight between each 
of the experimental boxes 20 to 23 and vibration occurs 
in the experimental boxes. This vibration is conveyed to 
the rotary shaft 30 via the arms 24 to 27 and further to 
the casing 1 0 via the bearing portions, thereby giving 
bad influences not only on the experiments but also on 
the surrounding environment. 

[0054] Thus, in the present first embodiment, the con- 
struction is made such that the magnetic bearings 11, 
12 are employed as the bearings of the rotary shaft 30 
and thereby the rotary shaft 30 is supported to the cas- 
ing 1 0 side by the magnetic force so as to make no con- 
tact with a supporting portion of the casing 10. If vibra- 
tion occurs in the rotary shaft 30, the vibration is detect- 
ed by the respective four vibration sensors 3, 4 arranged 
on the X and Y axes around the both end portions of the 
rotary shaft 30. The vibration sensors 3, 4 detect varia- 
tions caused by the vibration in the gaps between the 
rotary shaft 30 and the sensors and input signals thereof 
into a control unit (not shown). If vibration occurs to 
cause variations in the gaps, the control unit controls the 
currents of the coils 1 , 2 existing at the positions corre- 
sponding to the variations so that the gaps may return 



to the original gaps and thereby an active vibration con- 
trol may be effected. 

[0055] While illustration is omitted, the coils 1 , 2 may 
be constructed, for example, such that in each of the 

5 coils, four mutually independent windings are arranged 
so that the magnetic force may act in the four directions 
of X and Y axes and the control unit controls excitation 
of the coil existing at the position where the variation in 
the gap between the coil and the rotary shaft 30 caused 

to by inclining of the rotary shaft 30 is the largest to thereby 
adjust the repulsive force or attractive force relative to 
the rotary shaft 30 for the vibration control. 
[0056] Fig. 2 is a control system diagram of the rotator- 
supporting mechanism of the first embodiment accord- 

15 ing to the present invention. The vibration sensors 3, 4 
arranged at the upper and lower end portions of the ro- 
tary shaft 30 comprise vibration sensors 3a, 3b, 3c, 3d 
and 4a : 4b, 4c, 4d, respectively, and each of their de- 
tected signals is inputted into a control unit 1 4. The con- 

20 trol unit 14 controls to drive the motor 13 and, at the 
same time, monitors the vibrational displacements of 
the ends of the rotary shaft 30 in the four directions of 
X and Y axes of the vibration sensors 3,4. If the gaps 
between the sensors and the rotary shaft 30 become 

25 smaller or larger, the control unit 1 4 controls the exciting 
current of the windings of the coils 1 , 2 existing at the 
corresponding position on the X and Y axes so as to 
strengthen the repulsive force or attractive force be- 
tween the rotary shaft and the coils to thereby return the 

30 gaps to the original state. 

[0057] Numeral 1 5 designates a storage unit, that pre- 
viously stores data on demand value patterns of vibra- 
tion frequency spectrum, amplitude or acceleration. In 
monitoring the vibration of the rotary shaft 30 bythesig- 

35 nals from the vibration sensors 3, 4, the control unit 14 
compares the vibration with the demand value. When 
the vibration becomes larger to cause displacements of 
the rotary shaft and further becomes in excess of the 
demand value, the control unit 14 controls the exciting 

40 currents of the coils so as to reduce the vibration and 
further continues the control so that the vibration of the 
rotary shaft 30 becomes below the demand value. 
[0058] Also, if the control is done such that the control 
unit compares the vibration with the demand value to 

45 thereby grasp and learn the vibration characteristics and 
reflects them on its own control laws, then the control 
ability can be further enhanced. 

[0059] Fig. 3 is a control flow chart of the rotator sup- 
porting mechanism of the first embodiment. In Fig. 3, 

50 steps of the control are shown by S1 to S5. When the 
rotator starts to rotate, the control unit 1 4 first takes sig- 
nals detected by each of the vibration sensors 3, 4(S1 ) 
and then takes data of the demand value from the stor- 
age unit 15 for comparison with the detected values of 

55 the vibration and monitors the vibration of the rotary 
shaft 30 (S2). Then, the control unit 14 ascertains 
whether the vibration detected by each of the sensors 
exceeds the demand value or not (S3) and if the vibra- 
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tion is smaller than the demand value, the step returns 
toS1 for further monitoring the signals detected by each 
of the vibration sensors. If the vibration is in excess of 
the demand value, the control unit 14 controls the cur- 
rents of the windings of the coils existing at the position 
of the vibration sensors causing the vibration in excess 
of the demand value to thereby adjust the electromag- 
netic force so that the gaps between the rotary shaft, 
having the vibrational displacements, and the coils may 
return to the original state and the vibration may be re- 
duced (S4). Then, at the step S5, if the rotation is to 
continue, the step returns to S1 for a continued control 
and if the rotation is to finish, the controkfinishes. 
[0060] Fig. 4 is a cross sectional side view of a rotator 
supporting mechanism in a microgravitational rotating 
apparatus of a second embodiment according to the 
present invention, wherein only an upper half portion of 
the rotating apparatus is shown and illustration of a low- 
er portion thereof is omitted. In Fig. 4, there are provided 
recess portions 10a, 10b (illustration of 10b is omitted) 
on upper and lower outer walls of a casing 10. A rotary 
shaft 30 has its both ends inserted into the recess por- 
tions 1 0a, 1 0b, respectively, to be supported by magnet- 
ic bearings : like in the case of Fig. 1 . A vibration sensor 
5 is fitted to an inner surface of a bottom (or ceiling) wall 
of the recess portion 1 0a so as to oppose an upper end 
face of the rotary shaft 30. Also, an annular fin-like fixing 
plate 30a is fitted to the rotary shaft 30 at a mid position 
of the-upper end portion of the rotary shaft 30. Coils 7 
are fitted to the casing 10 side so as to. hold the fixing 
plate 30a therebetween with a predetermined gap being 
maintained between the fixing plate 30a and the coils 7. 
Construction of other portions is the same as that of the 
first embodiment shown in Fig. 1 and description there- 
on is omitted. 

[0061 ] It is to be noted that the abovementioned fixing 
plate 30a may be constructed by a permanent magnet 
or an exciting coil to generate a magnetic repulsive force 
or attractive force to thereby strengthen the repulsive 
force or attractive force relative to the coils 7. 
[0062] In the construction as mentioned above, dis- 
placements of the rotary shaft 30 caused by the vibration 
in the directions of ±X and ±Y axes are detected by the 
vibration sensors 3, 4 to be inputted into the control unit. 
Then, like in the first embodiment shown in Figs. 1 and 
2, excitation of the coils 1 , 2 is controlled so as to solve 
the displacements and this is reflected on the vibration 
of the rotary shaft in the direction of ±X and ±Y axes so 
that the vibration may be reduced. 
[0063] In the present second embodiment, in addition 
to the above construction, displacements of the rotary 
shaft 30 in the axial direction, or in the direction of ±Z 
axis, are detected by the vibration sensor 5 to be input- 
ted into the control unit and excitation of the coils 7 is 
controlled so as to solve the displacements in the direc- 
tion of ±2 axis for reducing the vibration. Thus, the dis- 
placements caused by the vibration in the directions of 
±X, ±Y and ±Z axes are detected by the vibration sen- 
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sors 3, 4 and 5 and the vibrations in the three dimen- 
sional directions can be accurately controlled. It is to be 
noted that the control system of the second embodiment 
is basically the same as that described with respect to 
5 Fig. 2 and description and illustration thereof are omit- 
ted. 

[0064] Figs. 5(a) and (b) are graphs showing two ex- 
amples of the demand value and the control effect of the 
vibration control in the rotator supporting mechanisms 

10 of the first and the second embodiments as described 
above. Fig. 5(a) shows an example where the vibration 
is of the rotary shaft 30 having a natural vibration of a 
single natural value (X). In this example, a rotator sup- 
porting mechanism having magnetic bearings of the 

is present invention is used for the demand value (Y) and 
thereby the vibration is controlled to become patterns of 
the vibration (XA) that are below the demand value (Y). 
[0065] Fig. 5(b) shows an example where patterns of 
the natural frequency change to those (X 2 ) from those 

20 (X.,). This is such a case, for example, where the plants 
in the experimental boxes grow to thereby change the 
vibration characteristics of the experimental boxes. In 
this case also, likewise by applying the rotator support- 
ing mechanism of the present invention, the natural vi- 

25 bration (X^ is controlled to become patterns of the vi- 
bration (XA) that are below the demand value (Y) and 
the natural vibration (X 2 ) is controlled to become pat- 
terns of the vibration (XB) that are also below the de- 
mand value (Y). 

30 [0066] In the first and the second embodiments as de- 
scribed above, while the magnetic bearings are em- 
ployed to control the exciting current of the coils for con- 
trolling the vibration, such a vibration control is done by 
vibration control inputs of a linear type or a simple non- 
55 linear type. Hence, an effective vibration control cannot 
necessarily be achieved and there is a limitation in con- 
trolling the changes in the vibration modes that arise ar- 
bitrarily. Therefore, a further improvement in this regard 
is being desired. Thus, a third embodiment according to 

40 the present invention will be described next. 

[0067] Figs. 6(a) to (c) show an active control system 
as a rotator supporting mechanism in a microgravita- 
tional rotating apparatus of a third embodiment accord- 
ing to the present invention, wherein Fig. 6(a) is a cross 

45 sectional side view, Fig. 6(b) is a cross sectional view 
seen from arrows on line C-C of Fig. 6(a) and Fig. 6(c) 
is a cross sectional view seen from arrows on line D-D 
of Fig. 6(a). In Fig. 6(a), a rotary shaft 50 is supported 
to a structural part 60 via a bearing 52 so as to be rotat- 

50 able in the microgravitational space. It is to be noted that 
while the rotary shaft 50 is shown only by illustration of 
a lower end portion thereof, an upper end portion thereof 
is also supported likewise by the bearing. A coil 1 for the 
vibration control purpose surrounds the rotary shaft 50 

55 with a predetermined gap being maintained between the 
coil 1 and the rotary shaft 50 and is supported and fitted 
to a supporting member 51 . Also, a vibration sensor 3 
is arranged slightly above the coil 1 with a predeter- 
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mined gap being maintained between the vibration sen- 
sor 3 and the rotary shaft 50 and is likewise supported 
and fitted to the supporting member 51 . 
[0068] In Fig. 6(b), the coil 1 , surrounding the rotary 
shaft 50 with the predetermined gap therebetween, is 5 
constructed by four coils, as will be described below, so 
that displacements of the rotary shaft 50 caused by the 
vibration may be solved by the magnetic force. Also, in 
Fig. 6(c), the vibration sensor 3, arranged slightly above 
the coil 1 , comprises four vibration sensors 3a, 3b, 3c, 10 
3d, that are arranged in the directions of ±X and ±Y ax- 
es, being equally spaced between each of them, around 
the rotary shaft 50 with the predetermined gaps being 
maintained between the respective vibration sensors 
and the rotary shaft. If the rotary shaft 50 displaces by 15 
the vibration, changes in the gaps between the rotary 
shaft 50 and the vibration sensors 3a to 3d are detected 
by the vibration sensors 3a to 3d and also the vibration 
directions are detected from the positional changes of 
the rotary shaft 50 at the four positions of the vibration 20 
sensors 3a to 3d. 

[0069] Fig. 7 is a control system diagram of the third 
embodiment shown in Fig. 6. As shown there, signals 
of the vibration of the rotary shaft 50 detected by the 
four vibration sensors 3a to 3d surrounding the rotary 25 
shaft 50 are taken into a control part 43 of a control unit 
40. The control part 43 compares the detected values 
of the gaps between the rotary shaft 50 and the vibration 
sensors 3a to 3d witn a reference value of the gap that 
is set as a value when no vibration occurs and decides 30 
the sensor of the four vibration sensors 3a to 3d that 
detects the smallest or largest variation in the detected 
signals. That is. if the sensor detecting the smallest gap 
between the rotary shaft 50 and the vibration sensor is 
employed, the coil existing at the same position as that 35 
sensor is fed with exciting current so as to strengthen a 
repulsive force relative to the rotary shaft 50 to thereby 
suppress displacements of the rotary shaft 50. Or, re- 
versely, if the sensor detecting the largest gap is em- 
ployed, the coil of the same position of that sensor is *o 
excited so as to strengthen an attractive force of the coil 
and thereby the rotary shaft 50 returns to the right posi- 
tion to reduce the vibration. 

[0070] Also, in comparing the detected signals with 
the reference value, the control unit 40 obtains a time- *s 
wise change rate and an inclination of the change of the 
signals detected by the sensors and, based on the result 
thereof, the vibration can be detected. 
[0071] In Fig. 7, when the control part 43 decides the 
coil to be excited, it then judges the size of the difference so 
between the displaced gap and the reference gap and, 
according to the size of the displacement, changes the 
amplitude of the input current of the coil by combining 
outputs of a linear vibration control part 41 and a non- 
linear vibration control part 42 to thereby control the ex- 55 
citing current of any of coils (A), (B), (C) and (D) of the 
coil 1 . For example, as will be described below with re- 
spect to Fig. 8, the input signals of the coil are first con- 
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trolled linearly and when the vibration exceeds a prede- 
termined reference value, the input signals of the coil 
are controlled non-linearly with a curved line. 
[0072] Figs. 8(a) to (c) show three patterns of excita- 
tion current of the coil controlled by the control unit 40 
for the vibration control in the present third embodiment. 
In the pattern of Fig. 8(a), up to amplitude A 1 of the input 
current to be inputted into the coil or up to input signal 
of the coil, linear input signals are put out from the 
linear vibration control part 41 . From the amplitude A 1 
or from the input signal S.,, non-linear input signals on 
a curved line are put out from the non-linear vibration 
control part 42. These non-linear input signals are of 
non-linear wave shapes that are defined, for example, 
by an equation: input Signal S = ax+ax 2 +ax 3 +— +ax n (a 
and n being constants, X being amplitude). This exam- 
ple of Fig. 8(a) is effective for a case where the ampli- 
tude of the vibration is comparatively large, the displace- 
ment of the rotary shaft 50 relative to the sensor is larger 
than a predetermined value and the vibration is of a low 
frequency, "that is, this example is applicable to a case 
where the vibration is to be rapidly reduced by the non- 
linear part. 

[0073] The example of Fig. 8(b) is a case where the 
amplitude of the input signals is smaller than that of the 
case of Fig. 8(a) (A 1 >A 2 ). Up to the amplitude A 2 , input 
signals are put out into the coil from the linear vibration 
control part 41 . From the amplitude A 2 or from input sig- 
nal S 2 , input signals are put out into the coil from the 
non-linear vibration control part 42. This example of Fig. 
8(b) is applicable to a case where the amplitude of the 
vibration is smaller than in the case of Fig. 8(a). 
[0074] In the example of Fig. 8(c), only the output of 
the non-linear vibration control part 42 is applicable. 
This case is effective for a case where the input signals 
of the coil are rapidly raised so that the vibration may be 
rapidly controlled. In this example, effective input sig- 
nals can be obtained for the vibration of a comparatively 
high frequency. 

[0075] In the present third embodiment, the control 
unit 40 takes the vibrational displacement signals of the 
rotary shaft 50 from the vibration sensor 3, so that the 
control part 43 compares the size of the displacement 
signals from the vibration sensors with the reference val- 
ue and, according to the size, changes the amplitude of 
the input current of the coil by combining outputs of the 
linear vibration control part 41 and the non-linear vibra- 
tion control part 42 and then puts out input signals of the 
coil. Thereby, an effective vibration control can be per- 
formed. Hence, by the vibration control of the rotary 
shaft 50 in the microgravitational environment in the 
space, bad influences given on the surroundings can be 
prevented. 

[0076] Also, as an alternative procedure, the control 
unit 40 takes signals from the vibration sensor 3 to there- 
by obtain a change rate of the vibration in a predeter- 
mined time and further to compute the size of inclination 
of the changes. Based on the computed values of the 
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quantity or based on one of the computed values, the 
size is decided and, based on the size so decided, the 
exciting current can be controlled. For example, if the 
change rate or the inclination of the changes is large in 
comparison with the predetermined value, it can be de- 5 
cided that the vibration is large. Or, reversely, if the 
change rate or the inclination of the changes is small, it 
can be decided that the vibration is comparatively mild. 
[0077] Fig. 9 is a control system diagram of a rotator 
supporting mechanism in a microgravitational rotating 10 
apparatus of a fourth embodiment according to the 
present invention. This fourth embodiment is construct- 
ed such that the rotator supporting mechanise of the 
first embodiment shown in Fig. 1 is applied with the ac- 
tive vibration control system shown in Fig. 7. 15 
[0078] In the present fourth embodiment, like in the 
construction shown in Fig. 1 , the-bearings of the rotary 
shaft 30 are constructed as the magnetic bearings 11, 
12 and thereby the rotary shaft 30 is supported to the 
casing 1 0 side by the magnetic force, generated by el ec- 20 
trie current supplied from an electric source (not shown), 
so as to make no contact with a supporting portion of 
the casing 1 0. If vibration occurs in the rotary shaft 30, 
the vibration is detected by the four vibration sensors 3, 
4 ; respectively, arranged on the X and Y axes around 25 
the both end portions of the rotary shaft 30. Variations 
caused by the vibration in the gaps between the rotary 
shaft 30 and the sensors are detected by the vibration 
sensors 3, 4 to be inputted into the control unit. If the 
gaps become smaller or larger, the control unit controls 30 
the electric currents of the coils 1 , 2, arranged in the 
magnetic bearings 11,12, existing at the corresponding 
positions of the gaps so that the gaps may return to the 
originalgaps. Thereby, the vibration is actively control- 
led. 35 

[0079] Like in the first embodiment shown in Fig. 1, 
the coils 1 , 2 may be constructed such that in each of 
the coils 1 , 2, four mutually independent windings are 
arranged so that the magnetic force may act in the four 
directions of X and Y axes and the control unit controls *o 
excitation of the coil existing at the position where the 
variation in the gap between the coil and the rotary shaft 
30 caused by inclining of the rotary shaft 30 is the largest 
to thereby adjust the repulsive force or attractive force 
relative to the rotary shaft 30 for the vibration control. 45 
[0080] In Fig. 9, the vibration sensors 3, 4 arranged 
at the upper and lower end portions of the rotary shaft 
30 comprise vibration sensors 3a, 3b, 3c, 3d and 4a, 4b, 
4c, 4d, respectively, and each of their detected signals 
is inputted into a control part 43 of a control unit 40. The so 
control part 43 monitors the vibrational displacements 
of the ends of the rotary shaft 30 in the four directions 
of X and Y axes of the vibration sensors 3, 4. If the gaps 
between the sensors and the rotary shaft 30 become 
smaller or larger, the control part 43 controls the exciting 55 
current of the windings of the coils 1 , 2 existing at the 
corresponding position on the X and Y axes so as to 
strengthen the repulsive force or attractive force be- 
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tween the rotary shaft 30 and the coils to thereby return 
the gaps to the original state. It is to be noted that the 
exciting current of the coils 1 , 2 acting as a bearing is 
supplied from an electric source, that is not shown, and 
the control unit 40 is fed with electric current for the con- 
trol purpose in addition to this exciting current. 
[0081] When the control part 43 controls the coils 1 ,2, 
it judges the size of the difference between the displaced 
gap and the reference gap and, according to the size of 
the displacement, changes the amplitude of the input 
current of the coils by combining outputs of the linear 
vibration control part 41 and the non-linear vibration 
control part 42 to thereby control the exciting current of 
any of coils (A), (B), (C) and (D) of the coils 1 , 2, as 
described with respect to Figs. 7 and 8. The patterns of 
the exciting current are the same as those shown in Fig. 
8 and description thereon is omitted. 
[0082] In the present fourth embodiment also, like in 
the third embodiment, the control part 43 compares the 
size of the displacement signals taken from the vibration 
sensors with the reference value and, according to the 
size, changes the amplitude of the input current by com- 
bining outputs of the linear vibration control part 41 and 
the non-linear vibration control part 42 and then puts out 
input signals of the coils 1 , 2. Thereby, the exciting cur- 
rent of the coils 1 , 2 is controlled so as to perform an 
effective vibration control of the rotating experimental 
apparatus. Thus, the vibration of the rotary shaft 30 is 
reduced in the microgravitational environment in the 
space and bad influences given on the surroundings can 
be prevented. 

[0083] In performing the vibration control by the mag- 
netic bearings in the microgravitational rotating appara- 
tus, as mentioned above, the magnetic bearings per- 
form both a bias control for supporting the rotary shaft 
and the active vibration control at the same time. In this 
casejf a very small vibration is to be actively controlled, 
the magnetic bearing is necessarily supplied with a very 
small electric current and this may often result in the im- 
possibility of the active vibration control itself or, accord- 
ing to the control of the exciting current for the active 
vibration control, loss of the bias control ability might oc- 
cur. In the bias control by the magnetic bearings, the 
rotary shaft is arranged centrally of the bearings and a 
comparatively strong power is supplied for adjusting the 
magnetic force and for ensuring balances of the rotary 
shaft. For this reason, a supporting force to be elastically 
generated by the magnetic force becomes a stiff sup- 
porting force and even if the vibration occurring in the 
rotary shaft is very small, it easily spreads to the casing 
side via the magnetic bearings. Hence : improvement on 
this point is being desired. Thus, a fifth embodiment ac- 
cording to the present invention for realizing the im- 
provement will be described next. 
[0084] Fig. 1 0 is a cross sectional side view of a rota- 
tor supporting mechanism in a microgravitational rotat- 
ing apparatus of a fifth embodiment according to the 
present invention. In Fig. 10, like in the first embodiment 
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shown in Fig. 1 , there are provided recess portions 10a, 
1 0b within a casing 1 0. A cylindrical upper fixing mem- 
ber 31 and a cylindrical lower fixing member 32 are fix- 
edly fitted in the recess portions 10a, 10b, respectively. 
[0085] Like in the example of Fig. 1 , a magnetic bear- 5 
ing 1 1 and a vibration sensor 3 are arranged in the upper 
fixing member 31. Further, a bias control magnetic bear- 
ing 35a and a thrust magnetic bearing 33 are arranged 
in the upper fixing member 31 . In the lower fixing mem- 
ber 32 also, a vibration sensor 4, a bias control magnetic 10 
bearing 35b and a magnetic bearing 12 are arranged. 
Thus, an upper end portion of a rotary shaft 30 is sup- 
ported by the magnetic bearings 1 1 , 35a, 33 and a lower 
end portion thereof by the magnetic bearings 12, 35b 
both making no contact with the casing 10 side by the 1$ 
action of the magnetic force. The rotary shaft 30 is ro- 
tatably driven by a motor 34 fixed to the lower fixing 
. member 32... . 
[0086] Clkeln : Fig. 1, four arms 24, 25, 26, 27 have 
their one ends fixed to an outer circumferential surface 20 
of the rotary shaft 30 extending radially and have the 
other ends fitted with experimental boxes 20, 21 , 22, 23. 
Gravity-adding objects are placed in each of the exper- 
imental boxes 20 to 23 and are rotated by the motor in 
the microgravitational environment. 25 
[0087] It is to be noted that while the above example 
has been described with a case of the four arms 24 to 
27 supporting the four experimental boxes 20 to 23, the 
arms may be more than four extending radially, for ex- 
ample, eight arms supporting eight experimental boxes, 30 
and the number of pieces thereof may be set appropri- 
ately according to the kind, size, etc. of the experimental 
objects. 

[0088] Figs. 11 (a) and (b) show cross sectional por- 
tions of the rotator supporting mechanism of the fifth em- 35 
bodiment shown in Fig. 1 0, wherein Fig. 1 1 (a) is a cross 
sectional view seen from arrows on line E-E of Fig. 10 
and Fig. 11 (b) is across sectional view seen from arrows 
on line F-F of Fig. 1 0. In Fig. 1 1 (a), the upper fixing mem- 
ber 31 of the cylindrical shape is fitted to the casing 1 0 40 
and an annular coil as the magnetic bearing 11 is ar- 
ranged in the upper fixing member 31 . The rotary shaft 
30 passes through a central portion of the mechanism. 
In Fig. 11(b), four vibration sensors 4 are arranged on 
the orthogonal X and Y coordinates in the lower fixing 45 
member 32 and, below the vibration sensors 4, the bias 
control magnetic bearing 35b is arranged being fitted to 
the lower fixing member 32. It is to be noted that vibra- 
tion sensors 3 and the bias control magnetic bearing 35a 
are likewise arranged in the upper fixing member 31 . so 
[0089] in the fifth embodiment constructed as men- 
tioned above, when the rotary shaft 30 is rotated, there 
arise imbalances in the acceleration between each of 
the experimental boxes 20 to 23 due to weight imbal- 
ances in the experimental objects. Thus, the rotary shaft 55 
30 vibrates and the vibration or displacement of the ro- 
tary shaft 30 is detected by the plurality of vibration sen- 
sors 3, 4 arranged on the X and Y axes in the both end 



portions of the rotary shaft 30, as described in the ex- 
ample of Figs. 1 and 2. Signals of the vibration or dis- 
placement of the rotary shaft 30 detected by the vibra- 
tion sensors 3, 4 are inputted into a control unit, as will 
be described below, and the control unit performs a con- 
trol such that, if the gap between the rotary shaft 30 and 
the sensor varies, then the electric current of the coil 
existing at the corresponding position of the gap so var- 
ied is controlled so as to return the varied gap to the 
original state to thereby actively control the vibration. 
[0090] On the other hand, while no vibration occurs, 
the rotary shaft 30 needs to be supported making no 
contact with the bearing portion and ft is so arranged 
that the coils of the bias control magnetic bearings 35a, 
35b are supplied with exciting current to thereby contin- 
uously hold the rotary shaft 30 at the central position of 
the mechanism. In the example shown in Fig. 1 , it is the 
magnetic bearings 11,12 effecting the active vibration 
control that holds the rotary shaft 30 centrally, and there- 
by the bias control and the active vibration control of the 
rotary shaft 30 are performed at the same time. For this 
reason, however, the rotary shaft 30 is supported 
strongly by the magnetic force generated by the electric 
current for the bias control and, even if the vibration is 
very small, it easily spreads to the casing 10 side via the 
magnetic bearings and achievement of an effective vi- 
bration control of such a very small vibration by the mag- 
netic bearings has been difficult. 

[0091] Thus, in the present fifth embodiment, as a first 
means, in order for the bias control magnetic bearings 
35a, 35b to hold the rotary shaft 30 at the central posi- 
tion, the magnetic bearings 35a, 35b are supplied with 
a constant exciting current for holding the position of the 
rotary shaft 30. Then, if vibration occurs in the rotary 
shaft 30, only the active vibration control magnetic bear- 
ings 11 , 12 are controlled such that the magnetic force 
of the coils of the magnetic bearings 11,12 existing at 
the position corresponding to the vibration of the bias 
control magnetic bearings 35a, 35b may be weakened 
to thereby weaken the position holding force for in- 
crease of the freedom. Thus, the vibration is prevented 
from spreading to the casing 10 side via the magnetic 
bearings 35a, 35b. At the same time, while the position 
holding force of the magnetic bearings 1 1 , 1 2 is so weak- 
ened, the exciting current of the magnetic bearings 11 , 
12 is controlled so as to control the vibration, as de- 
scribed before with respect to Figs. 1 and 2. 
[0092] Next, as a second means, while the bias con- 
trol magnetic bearings 35a, 35b are supplied with elec- 
tric current for holding the position of the rotary shaft 30, 
if vibration occurs in the rotary shaft 30, the magnetic 
bearings 35a, 35b are first controlled so that the position 
holding force of the magnetic bearings 35a, 35b may be 
weakened to thereby increase the freedom and, at the 
same time, the active vibration control magnetic bear- 
ings 11, 12 are controlled to likewise control the vibra- 
tion. 

[0093] According to the first means of the present fifth 
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embodiment, the bias control magnetic bearings 35a, 
35b are not controlled for the vibration control but per- 
form only the function of the position holding and the 
active vibration control magnetic bearings 11, 12 per- 
form both the functions of the vibration control and the 5 
weakening of the position holding force. Thereby, even 
the very small vibration can be effectively controlled so 
as to be prevented from spreading outside of the casing 
1 0. Also, according to the second means, the bias con- 
trol magnetic bearings 35a, 35b are controlled so as to 10 
weaken the position holding force and, at the same time, 
the active vibration control magnetic bearings 11,12 are 
controlled so as to perform the vibration control. By this. •_. 
means also, the vibration is prevented from spreading 
outside and even the very small vibration can be effec- is 
tively controlled. 

[0094] Figs. 12(a) and (b) are signal timing charts^, 
showing a control state with respect to the fifth embod- 
iment, wherein Fig. 12(a) shows the example of the 
abovementioned first means in which the bias control 20 
magnetic bearings 35a, 35b are not controlled and Fig. 
1 2(b) shows the example of the second means in which 
the bias control magnetic bearings 35a, 35b are control- 
led. Figs. 12(a) and (b) show representatively the charts 
with respect to one coil only out of coils of the active 25 
vibration control magnetic bearings 11,12 and the bias 
control magnetic bearings 35a, 35b, respectively. In Fig. 
12(a), (1) shows a wave shape of the vibration caused 
in the rotary shaft 30, wherein So shows a reference val- 
ue, (2) shows electric current supplied to the bias control 30 
magnetic bearings 35a, 35b for the position holding, (3) 
shows electric current supplied to the active vibration 
control magnetic bearings 11,12 for weakening the po- 
sition holding force, wherein this electric current is put 
out while the vibration is in excess of the reference value 35 
So, (4) shows likewise electric current supplied to the 
magnetic bearings 11 , 12 for the active vibration control 
while the vibration is in excess of the reference value 
So and (5) shows the result of the vibration control. That 
is, in the example of Fig. 12(a), while the bias control 40 
magnetic bearings 35a. 35b are continuously supplied 
with the current (2) for the position holding, the active 
vibration control magnetic bearings 11,12 are supplied 
with the current (3) for weakening the position holding 
force and with the current (4) for the active vibration con- *s 
trol. Thus, as shown in (5), if the vibration (1) exceeds 
the reference value So, the magnetic bearings 11,12 
weaken the position holding force and, at the same time, 
perform the active vibration control so that the vibration 
(1 ) may be suppressed below the reference value So. so 
[0095] On the other hand, in the example of Fig. 12 
(b) in which (1), (2), (4) and (5), respectively, have the 
same meanings as described with respect to Fig. 12(a), 
if and while the vibration (1 ) exceeds the reference value 
So, the current (2) supplied to the bias control magnetic 55 
bearings 35a, 35b for the position holding is controlled 
to be reduced so that the position holding force of this 
portion of the vibration exceeding the reference value 



So may be weakened. In this state, the magnetic bear- 
ings 11,12 are supplied with the current'(4) f orthe active 
vibration control. Thus, as shown in (5), the vibration (1 ) 
in excess of the reference value So can be suppressed. 
[0096] Fig. 1 3 is a cross sectional side view of a rota- 
tor supporting mechanism in a microgravitational rotat- 
ing apparatus of a sixth embodiment according to the 
present invention. In the present sixth embodiment 
shown here, in addition to the shaft supporting structure 
of the rotary shaft 30 of the fifth embodiment shown in 
Fig. 10, active vibration control magnetic bearings 36a, 
36b are added for performing a more effective vibration 
control. Construction of other portions is the same as 
that of the fifth embodiment and description thereon is 
omitted. 

[0097] In Fig. 13, within the upper fixing member 31 , 
the active vibration control magnetic bearings 11, 36a 
are arranged with the bias control magnetic bearing 35a 
being interposed therebetween. Also, within the lower 
fixing member 32, the active vibration control magnetic 
bearings 1 2, 36b are arranged with the bias control mag- 
netic bearing 35b being interposed therebetween. The 
magnetic bearings 35a, 35b function to hold the position 
of the rotary shaft 30. The magnetic bearings 11, 36a 
function to actively control the vibration of the upper end 
of the rotary shaft 30 and the magnetic bearings 1 2, 36b 
function to actively control the vibration of the lower end 
of the same. As to the concrete functions of the vibration 
control, the same contents described with respect to Fig. 
2 are applicable as they are and description thereon is 
omitted. 

[0098] According to the sixth embodiment as de- 
scribed above, two pairs of the active vibration control 
magnetic bearings 11, 36a and 12, 36b, each bearing 
having the same function, are arranged with the bias 
control magnetic bearings 35a, 35b, respectively, being 
interposed between the bearings of the pair. Thereby, 
the vibration control of the rotary shaft 30 is balanced 
and a higher accuracy of the vibration control can be 
realized, as compared with the fifth embodiment. 
[0099] Fig. 1 4 is a cross sectional side view of a rota- 
tor supporting mechanism in a microgravitational rotat- 
ing apparatus of a seventh embodiment according to the 
present invention. In the present seventh embodiment 
shown here, in addition to the shaft supporting structure 
of the rotary shaft 30 of the fifth embodiment shown in 
Fig. 10, bias control magnetic bearings are added for a 
more effective position holding of the rotary shaft 30. 
Construction of other portions is the same as that of the 
fifth embodiment and description thereon is omitted. 
[0100] In Fig. 14, within the upper fixing member 31, 
bias control magnetic bearings 35c, 35d are arranged 
with the active vibration control magnetic bearing 1 1 be- 
ing interposed therebetween. Also, within the lower fix- 
ing member 32, bias control magnetic bearings 35e, 35f 
are arranged with the active vibration control magnetic 
bearing 12 being interposed therebetween. The mag- 
netic bearings 35c to 35f function to hold the position of 
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the rotary shaft 30 at both ends thereof. The magnetic 
bearing 11 functions to actively control the vibration of 
the upper end of the rotary shaft 30 and the magnetic 
bearing 12 functions to actively control the vibration of 
the lower end of the same. As to the concrete functions 
of the vibration control, the same contents described 
with respect to Fig. 7 are applicable as they are and de- 
scription thereon is omitted. 

[0101] According to the seventh embodiment as de- 
scribed above, two pairs of the bias control magnetic 
bearings 35c, 35d and 35e, 35f, each bearing having 
the same function, are arranged with the active vibration 
contend magnetic bearings 11,12, respectively, being in- 
terposed between the bearings of the pair. Thereby, the 
control of the vibration and the position holding of the 
rotary shaft 30 is balanced and a higher accuracy of the 
vibration control can be realized, as compared with the 
fifth embodiment. 

[0102] In the microgravitational rotating apparatus 
having the rotator supporting mechanisms of the first to 
the fifth embodiments as described above, while vibra- 
tion occurs in the rotary shaft during the rotation due to 
the weight imbalances between the experimental ob- 
jects placed in the experimental boxes, such vibration 
can be effectively controlled by the present invention. 
However, as the rotator is supported by the magnetic 
bearings, it is necessary to hold the rotary shaft float- 
ingly making no contact with the surroundings even in 
the non-operation time. Thus, according to the initial 
state of the rotary shaft, when the magnetic bearings 
are supplied with power for start of the rotator, shocks 
of the starting time may occur so that the rotary shaft 
may violently hit the surroundings and strong vibration 
may spread outside. Hence, as a countermeasure 
therefor, a rotator supporting mechanism of an eighth 
embodiment according to the present invention will be 
described below. 

[0103] Fig. 15 is a cross sectional side view of a rota- 
tor supporting mechanism of the eighth embodiment. In 
Fig. 15, within a casing 10, there are provided recess 
portions 10a, 10b projecting outwardly from upper and 
lower outer walls of the casing 10. A cylindrical upper 
fixing member 31 and a cylindrical lower fixing member 
32 are fixedly fined in the recess portions 10a, 10b, re- 
spectively. 

[0104] A vibration sensor 3, a magnetic bearing 11 
and a thrust magnetic bearing 33 are arranged within 
the upper fixing member 31 . A motor 34, a magnetic 
bearing 1 2 and a vibration sensor 4 are arranged within 
the lower fixing member 32. Also, as will be further de- 
scribed later, elastic support mechanisms 135a, 135b 
are provided in the upper and lower fixing members 31 , 
32, respectively, for an elastic support of a rotary shaft 
30. The vibration sensors 3, 4 are provided in the same 
arrangement as the example shown in Fig. 1(c). 
[0105] The rotary shaft 30 is arranged coaxially with 
the cylindrical upper and lower fixing members 31 , 32. 
An upper end of the rotary shaft 30 is supported to the 



upper fixing member 31 by the magnetic bearing 1 1 and 
the thrust magnetic bearing 33 as well as etastically by 
the elastic support mechanism 135a. Also, a lower end 
of the rotary shaft 30 is supported to the lower fixing 

5 member 32 by the magnetic bearing 1 2 as well as elas- 
tically by the elastic support mechanism 135b. 
[0106] The rotary shaft 30, while being supported as 
mentioned above, is driven rotationally by the motor 34 
fitted to the lower fixing member 32. Like in the example 

10 of Fig. 1 , four arms 24 to 27 have their one ends fixed 
to an outer circumferential surface of the rotary shaft 30 
extending radially and have the other ends fitted with 
experimental boxes 20 to 23. 

[0107] Fig. 1 6 is a cross sectional view seen from ar- 

15 rows on line G-G of Fig. 15 for explaining the elastic sup- 
port mechanism 135a. In Fig. 16, the cylindrical upper 
fixing member 31 is fitted to the casing 1 0 and the rotary 
shaft 30 is arranged centrally therein by being supported 
to the upper fixing member31 via the elastic support 

20 mechanism 135a. The elastic support mechanism 135a 
comprises a bearing 138a on an inner side thereof, a' 
ring-like supporting main body 136a on an outer side 
thereof and four springs 1 37a arranged around the sup- 
porting main body 136a connecting an outer circumfer- 

25 ential surface of the supporting main body 1 36a and an 
inner circumferential surface of the upper fixing member 
31 . Thus, the rotary shaft 30 is supported rotatably by 
the elastic support mechanism 135a and, at the same 
time, supported etastically movably relative to the sur- 

30 roundings by the springs 137a. 

[0108] It is to be noted that a spring constant of the 
springs 137a of the elastic support mechanism 135a is 
selected to be a minimum value to be able to support 
the rotary shaft 30 at central positions of the magnetic 

35 bearings 11 , 1 2, 33 while in a non-operation time. Also, 
it is necessary to employ such springs as having a weak 
supporting force that is smaller than the rotary shaft 30 
supporting force of the magnetic bearings 1 1 , 1 2 so that, 
when vibration occurs in the rotary shaft 30, the vibration 

40 may not spread to the casing 10 side via the springs 
137a. 

[0109] Fig. 1 7 is a cross sectional view seen from ar- 
rows on line H-H of Fig. 1 5 for explaining the elastic sup- 
port mechanism 135b. In Fig. 17, the cylindrical lower 

45 fixing member 32 is fitted to the casing 10 and the rotary 
shaft 30 is arranged centrally therein by being supported 
to the lower fixing member 32 via the elastic support 
mechanism 135b. The elastic support mechanism 135b 
comprises a bearing 138b on an inner side thereof, a 

50 ring-like supporting main body 136b on an outer side 
thereof and four springs 1 37b arranged around the sup- 
porting main body 136b connecting an outer circumfer- 
ential surface of the supporting main body 136b and an 
inner circumferential surface of the lower fixing member 

55 32. Thus, the rotary shaft 30 is supported rotatably by 
the elastic support mechanism 135b and, at the same 
time, supported elastically movably relative to the sur- 
roundings by the springs 137b. 
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[0110] It is to be noted that, like in the case of the 
abovementioned springs 137a, a spring constant and a 
supporting force of the springs 1 37b are set so as to be 
smaller than those of the magnetic bearings 11,12. 
[0111] According to the present eighth embodiment 
as described above, if vibration occurs in the rotary shaft 
30, while rotating, due to weight imbalances in the ex- 
perimental objects, the vibration of the rotary shaft 30 is 
detected by the vibration sensors 3, 4 and signals there- 
of are inputted into the control unit 14, as shown in Fig. 
2. And by the same function as that of the device shown 
in Figs. 1 and 2, the vibration is effectively controlled by 
the magnetic bearings 11,12. 

[0112] Also, in the non-operation time, both ends of 
the rotary shaft 30 are supported at the central position 
of the bearing portion by the weak supporting force of 
the elastic support mechanisms 135a, 135b. 
[0113] Hence, even if the magnetic bearings 11 , 12, 
33 are supplied with electric current for start thereof, 
control of the magnetic bearings are smoothly carried 
out and influences given on the rotary shaft 30 by the 
shocks of the starting time can be suppressed to the 
minimum. 

[0114] Figs. 18(a) and (b) show a rotator supporting 
mechanism in a microgravitational rotating apparatus of 
a ninth embodiment according to the present invention, 
wherein Fig. 18(a) is a cross sectional view taken on a 
substantially same line as the line G-G of Fig. 15 and 
Fig. 18(b) is a cross sectional view taken on line J-J of 
Fig. 18(a). Also, Fig. 1 9 is a cross sectional view of the 
ninth embodiment taken on a substantially same line as 
the line H-H of Fig. 1 5. In the present ninth embodiment 
shown in Figs. 18(a) and (b), in place of the elastic sup- 
port mechanisms 1 35a, 1 35b constructed to support the 
supporting main bodies 1 36a, 1 36b by the springs 1 37a, 
1 37b, the support mechanisms are constructed so as to 
support the supporting main bodies 136a, 136b by elas- 
tic members 140a, 140b. Construction of other portions 
is the same as that of the eighth embodiment shown in 
Figs. 15 to 17 and description thereon is omitted. 
[0115] In Figs. 18(a) and (b), an elastic support mech- 
anism 145a comprises the bearing 138a, the supporting 
main body 136a and a ring-like elastic member 140a. 
The rotary shaft 30 is supported by the supporting main 
body 136a having the bearing 138a and the supporting 
main body 1 36a is supported to the upperf ixing member 
31 via the elastic member 140a arranged around the 
supporting main body 136a. The elastic member 140a 
is made of an elastic material, such as rubber, sponge 
rubber or urethane, and supports the rotary shaft 30 with 
a small spring constant and a weak supporting force, 
like in the case of the springs 1 37a of the eighth embod- 
iment. 

[01 16] In Fig. 1 9, an elastic support mechanism 1 45b, 
like the elastic support mechanism 145a mentioned 
above, comprises the bearing 138b, the supporting 
main body 136b and a ring-like elastic member 140b. 
The rotary shaft 30 is supported by the supporting main 
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body 136b having the bearing 138b and the supporting 
main body 1 36b is supported to the lower fixing member 
32 via the elastic member 140b arranged around the 
supporting main body 136b. The elastic member 140b 
5 is made of an elastic material, such as rubber, sponge 
rubber or urethane, and supports the rotary shaft 30 with 
a small spring constant and a weak supporting force, 
like in the case of the springs 1 37b of the eighth embod- 
iment. 

10 [0117] Further, not only of rubber, sponge rubber or 
urethane, the abovementioned elastic members 140a, 
1 40b may be also made of a plastic material or an elas- 

cJj~ .toplastic material, or they may be made by a supporting 
means using a fluid material, a fluid bearing, etc. 

is [0118] According to the ninth embodiment, the same 
function and effect as in the eighth embodiment can be 
r obtained. 

[0119] It is to be noted that, in the eighth and the ninth 
embodiments, while the example of the rotator compris- 

20 jng the four arms 24 to 27 and the four experimental box- 
es 20 to 23 has been described, the rotator supporting 
mechanism in the microgravitational rotating apparatus 
according to the present invention may be applied to 
such a rotator as having the experimental boxes of more 

25 than four, for example, eight experimental boxes fitted 
to eight arms that are fitted to the rotary shaft 30 extend- 
ing radially and in this case also, the same effect can be 
obtained. 

[0120] Also, the vibration sensors 3, 4 described in 
30 the first to the ninth embodiments maybe any of sensors 
that can detect the vibration of the rotary shaft, such as 
a gap sensor, a displacement sensor, an optical sensor 
or a laser displacement gauge. 

35 INDUSTRIAL APPLICABILITY 

[0121] According to the present invention of the re- 
spective means (1) to (24) mentioned above, the appli- 
cability is summarized as follows: 

40 [0122] In the invention of the means (1) above, the 
objects in the boxes are plants or animals, for example, 
and there are caused imbalances in the weight between 
each of the boxes. Hence, when the rotator rotates, vi- 
bration occurs due to differences in the acceleration. 

45 The control unit controls the position holding force of the 
bearing for holding the rotary shaft to thereby suppress 
displacements of the rotary shaft caused by the vibra- 
tion. Thus, the vibration of the rotator, that comprises 
the rotary shaft, the arms and the boxes, can be con- 

50 trolled to be suppressed to the minimum. 

[0123] In the invention of the means (2) above, if vi- 
bration occurs in the rotary shaft due to imbalances in 
the objects in the boxes or imbalances in the system, 
the vibration is detected as displacements of the rotary 

55 shaft by the vibration sensors arranged closely to the 
circumferential periphery of the rotary shaft and signals 
thereof are inputted into the control unit. The control unit 
detects the vibration of the rotary shaft based on these 
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displacement signals and controls the exciting current 
of the coil of the magnetic bearing so as to effect the 
vibration control of the rotary shaft. Thus, the vibration 
is controlled to be suppressed and is prevented from 
spreading to the surrounding environment in the space s 
via the bearing of the rotary shaft. 
[0124] In the invention of the means (3) above, the 
vibration sensors are fitted both to the casing side and 
the rotary shaft or fitted to the rotary shaft. In the inven- 
tion of the means (4) above, in addition to the vibration 10 
sensors, the gap sensor or displacement sensor is pro- 
vided and in the invention of the means (5) above, the 
optical sepsor or laser displacement gauge is provided. 
Thus, the detection of the vibration of the rotary shaft 
can be done with a higher accuracy. 15 
[0125] In the invention of the means (6) above, in- 
stead of the. vibration sensors of the invention of the 
means (4) above, the construction is made so as to de- 
tect the vibration only by the gap sensor or displacement 
sensor. Hence, the construction of the sensors can be 20 
simplified according to the sensing purpose or the ob- 
jects in the boxes. 

[0126] In the invention of the means (7) above, if the 
control unit detects the vibration of the rotary shaft, it 
compares the vibration with the previously set vibration 25 
demand value to which the vibration as in a rotating de- 
vice is to be suppressed and controls the exciting cur- 
rent of the coil so that the vibration may be suppressed 
below the demand value. Hence, bad influences given 
on other .equipment or apparatus in the space can be 30 
avoided. 

[0127] In the invention of the means (8) above, the 
control unit detects the vibration based on the displace- 
ments of the rotary shaft detected by the gap sensor, 
the displacement sensor, the optical sensor or the laser 35 
displacement gauge, compares the vibration with the 
spectrum demand value that is set with respect to the 
vibration spectrum and effects the control so as to sup- 
press the vibration below the demand value. In the in- 
vention of the means (9) above, if the detected vibration 40 
acceleration or amplitude is in excess of the demand 
value, the control unit effects the vibration control so that 
the vibration maybe suppressed below the demand val- 
ue concentrically with respect to the vibration range in 
excess of the demand value. Thus, the vibration can be 45 
instantaneously suppressed. 

[0128] In the invention of the means of (1 0) above, the 
control unit stores the information of the frequency,' ac- 
celeration, amplitude, etc. of the detected vibration to 
be reflected on the control law of the subsequent vibra- so 
tion controls. In the invention of the means (11) above, 
the detected vibration data are compared with the pre- 
viously stored data so that the cause of the vibration may 
be grasped and, in the invention of the means (12) 
above, the cause of the vibration is grasped based on 55 
the result of the comparison and learned so as to be 
reflected on the control law. Hence, by the learning func- 
tion, the vibration control becomes more accurate. 



[0129] In the invention of the means (13) above, in the 
control of the vibration control coil, the control unit puts 
out the signals of which amplitude is changed by com- 
bining the linear signal and the non-linear signal corre- 
sponding to the sizes of the displacement signals sent 
from the vibration sensors and the vibration control coil 
is controlled by the output signals so put out by the con- 
trol unit. By this control, the vibration can be optimally 
suppressed and converged. 

[0130] In the invention of the means (14) above, the 
bearing supporting both ends of the rotary shaft is a 
magnetic bearing and this magnetic bearing functions 
both as the rotary shaft supporting bearing and the vi- 
bration control coil. Hence, the structure of the vibration 
control system of the rotator is simplified and the vibra- 
tion can be optimally suppressed and converged at both 
ends of the rotary shaft. 

[0131] In the inventions of the means (15) and (16) 
above, the vibration control coil is divided into the coil 
portions. Thereby, the exciting current of the coil portion 
corresponding to the position where the displacement 
due to the vibration of the rotator is the largest is effec- 
tively controlled and thus the vibration of the rotator can 
be more effectively controlled. 

[0132] In the invention of the means (17) above, the 
control unit computes the change rate and the inclina- 
tion of the changes with respect to the time-wise chang- 
es in the vibration signals sent from the vibration sen- 
sors and corresponding to the sizes of the change rate 
and the inclination, the excitation of the vibration control 
coil is controlled. Hence, a higher accuracy of the vibra- 
tion control can be realized. 

[0133] In the invention of the means (18) above, the 
bias control magnetic bearing holds the rotary shaft at 
the central position of the rotation by the magnetic force. 
The vibration control magnetic bearing is controlled 
such that, upon occurrence of the vibration of the rotary 
shaft, the vibration control magnetic bearing generates 
a magnetic force so as to weaken the position holding 
force of the bias control magnetic bearing to a predeter- 
mined extent to thereby mitigate the position holding 
force of the rotary shaft. At the same time, the control 
to effect the active vibration control of the rotary shaft is 
carried out. Thus, the vibration caused by the stiff sup- 
porting force given by the bias control magnetic bearing 
is mitigated and even a very small vibration is prevented 
from spreading outside. Hence, the vibration can be ef- 
fectively controlled. 

[0134] In the invention of the means (19) above, the 
magnetic bearing supporting both ends of the rotary 
shaft is constructed by the two vibration control magnet- 
ic bearings and the bias control magnetic bearing ar- 
ranged between them. Hence, like in the invention of the 
means (18) above, the vibration occurring in the rotary 
shaft can be prevented from spreading outside of the 
casing. Moreover, the rotary shaft has its both ends sup- 
ported by the magnetic bearing having therein the two 
vibration control magnetic bearings that are arranged in 
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a good balance and thus a more effective vibration con- Claims 
trol becomes possible. 

[0135] In the invention of the means (20) above, the 
magnetic bearing supporting both ends of the rotary 
shaft is constructed by the two bias control magnetic 5 
bearings and the vibration control magnetic bearing ar- 
ranged between them. Hence, like in the invention of the 
means (1 8) above, the vibration occurring in the rotary 
shaft can be prevented from spreading outside of the 
casing. Moreover, the rotary shaft has its both ends sup- 10 
ported by the magnetic bearing having therein the two 
bias control magnetic bearings that are arranged in a 
good balance and thus the position holding of the rotary 
shaft is ensured and a more effective vibration control 
becomes possible. 15 
[0136] In the invention of the means (21) above, while 
the vibration control magnetic bearing is effecting the 
vibration control of the rotary shaft, the exciting current 
of the bias control magnetic bearing is controlled so as 
to weaken the position holding force of the rotary shaft 20 2. 
to a predetermined extent. Thereby, the position holding 
force given by the bias control magnetic bearing for 
holding the rotary shaft is weakened and the vibration 
of the rotary shaft is given an increased freedom relative 
to the bias control magnetic bearing. Thus, the vibration 25 
is prevented from spreading to the casing side via the 
bias control magnetic bearing and is effectively control- 
led by the vibration control magnetic bearing. 
[0137] In the invention of the means (22) above, the 
rotary shaft is supported at the central position of the 30 
rotation, even while the magnetic bearing is being sup- 
plied with no power. Also, the shaft supporting force of 
the elastic support mechanism is set smaller than that 
of the magnetic bearing. On the other hand, the shaft 
supporting force of the elastic support mechanism is set 35 3. 
so as to have a minimum shaft supporting force to sup- 
port the rotary shaft at the central position while the mag- 
netic bearing is being supplied with no power and no 
supporting force of the magnetic bearing is being gen- 
erated. Hence, the vibration occurring in the rotary shaft 40 
is prevented from spreading to the casing side via the 
magnetic bearing and the vibration is effectively control- 
led by the magnetic bearing. 

[0138] In the invention of the means (23) above, the 
elastic support mechanism is constructed by the main *s 4. 
body holding the magnetic bearing and the plurality of 
springs connecting the main body to the casing side. Al- 
so, in the invention of the means (24) above, the elastic 
support mechanism is constructed by the main body 
holding the magnetic bearing and the elastic member, 50 
made of an elastic material, connecting the main body 
to the casing side. Thus, the rotary shaft can be elasti- 
cally supported by a simple elastic support mechanism. 
The elastic support may be realized not only by such an 
elastic material as rubber, sponge rubber or urethane 55 5. 
but also by a supporting means using a fluid material, a 
fluid bearing, etc. 



1. A rotator supporting mechanism in a microgravita- 
tional rotating apparatus, said rotator comprising a 
rotary shaft, provided within a casing of said micro- 
gravitational rotating apparatus, having its both 
ends or one end supported to the side of said casing 
by a bearing of said rotator supporting mechanism 
so as to be rotationally driven by a motor, a plurality 
of arms, extending radially, having their one ends 
fitted to a circumferential periphery of said rotary 
shaft and a plurality of boxes, fitted to the other ends 
: Oorsaid plurality of arms, in which a gravitational, or 
gravity-adding, object is placed, characterized in 
that said rotator supporting mechanism comprises 
a control unit that controls a position holding force 
of said bearing for holding said rotary shaft so as to 
effect a vibration control of said rotary shaft. 



A rotator supporting mechanism as claimed in 
Claim 1 , characterized in that said bearing is a 
magnetic bearing, having a coil, fitted to said casing 
side being arranged closely to a circumferential pe- 
riphery of said rotary shaft, said rotator supporting 
mechanism further comprises a plurality of vibration 
sensors fitted to said casing side being arranged 
closely to said coil as well as closely to the circum- 
ferential periphery of said rotary shaft and said con- 
trol unit takes displacement signals sent from said 
plurality of vibration sensors to thereby detect vibra- 
tion of said rotary shaft from displacement of said 
rotary shaft and controls exciting current of said coil 
so as to effect the vibration control. 

A rotator supporting mechanism as claimed in 
Claim 2, characterized in that said plurality of vi- 
bration sensors, instead of being fitted to said cas- 
ing side, are fitted both to said casing side and said 
rotary shaft or only to said rotary shaft and said con- 
trol unit takes the displacement signals sent from 
said plurality of vibration sensors and controls the 
exciting current of said coil so as to effect an active 
vibration control of said rotary shaft. 

A rotator supporting mechanism as claimed in 
Claim 2 or 3 , characterized in that said rotator sup- 
porting mechanism further comprises a gap sensor 
or displacement sensorf itted to said casing side be- 
ing arranged closely to said coil and said control unit 
measures a distance between said rotary shaft and 
said gap sensor or displacement sensor and con- 
trols the exciting current of said coil so as to effect 
an active vibration control of said rotary shaft. 

A rotator supporting mechanism as claimed in 
Claim 2 or 3, characterized in that said rotator sup- 
porting mechanism further comprises an optical 
sensor or laser displacement gauge fitted to said 
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casing side being arranged closely to said coil and 
said control unit measures a distance between said 
rotary shaft and said optical sensor or laser dis- 
placement gauge and controls the exciting current 
of said coil so as to effect an active vibration control 5 
of said rotary shaft. 

6. A rotator supporting mechanism as claimed in 
Claim 4, characterized in that said rotator support- 
ing mechanism, instead of comprising said plurality 10 
of vibration sensors, comprises only said gap sen- 
sor or displacement sensor fitted to said casing side 
being arranged closely to said coil and said control 
unit measures the distance between said rotary 
shaft and said gap sensor or displacement sensor 15 
or measures the displacement of said rotary shaft 

to thereby detect the vibration of said rotary shaft 
and controls the exciting current of said coil so as 
to effect the active vibration control of said rotary 
shaft. 20 

7. A rotator supporting mechanism as claimed in any 
one of Claims 2 to 4, characterized in that said 
control unit takes the displacement signals from 
said plurality of vibration sensors to thereby detect 25 
the vibration of said rotary shaft, compares the vi- 
bration with a predetermined vibration demand val- 
ue and controls the exciting current of said coil so 
that the vibration may be suppressed below said vi- 
bration demand value. 30 

8. A rotator supporting mechanism as claimed in any 
one of Claims 4 to 6, characterized in that said 
control unit, based on signals from any one of said 
gap sensor, displacement sensor, optical sensor 35 
and laser displacement gauge, measures the dis- 
tance to said rotary shaft orthe displacement of said 
rotary shaft to thereby detect the vibration of said 
rotary shaft, compares a spectrum of the vibration 
with a predetermined spectrum demand value and 40 
controls the exciting current of said coil so that the 
vibration may be actively suppressed below said 
spectrum demand value. 

9. A rotator supporting mechanism as claimed in any 45 
one of Claims 2 to 8, characterized in that if and 
while said.control unit detects acceleration or am- 
plitude of the vibration in excess of a demand value, 
said control unit effects the vibration control of said 
rotary shaft so that the vibration may be suppressed so 
below said demand value concentrically with re- 
spect to a vibration range in excess of said demand 
value. 

10. A rotator supporting mechanism as claimed in any 55 
one of Claims 2 to 9, characterized in that if and 
while said control unit detects acceleration or am- 
plitude of the vibration in excess of a demand value, 



said control unit effects the vibration control of said 
rotary shaft so that the vibration may be suppressed 
below said demand value concentrically with re- 
spect to a vibration range in excess of said demand 
value and at the same time stores information on 
frequency and acceleration or amplitude or all of 
these data of the vibration in excess of said demand 
value so that said information may be reflected on 
a control law that enables subsequent active vibra- 
tion controls. 

11. A rotator supporting mechanism as claimed in any 
one of Claims 2 to 9, characterized in that if and 
while said control unit detects acceleration or am- 
plitude of the vibration in excess of a demand value, 
said control unit effects the vibration control of said 
rotary shaft so that the vibration may be suppressed 
below said demand value concentrically with re- 
spect to a vibration range in excess of said demand 
value and at the same time compares information 
on frequency and acceleration or amplitude or all of 
these data of the vibration in excess of said demand 
value with previously stored vibration data so that a 
cause of the vibration may be grasped. 

12. A rotator supporting mechanism as claimed in any 
one of Claims 2 to 9, characterized in that if and 
while said control unit detects acceleration or am- 
plitude of the vibration in excess of a demand value, 
said control unit effects the vibration control of said 
rotary shaft so that the vibration may be suppressed 
below said demand value concentrically with re- 
spect to a vibration range in excess of said demand 
value and at the same time compares information 
on frequency and acceleration or amplitude or all of 
these data of the vibration in excess of said demand 
value with previously stored vibration data so that a 
cause of the vibration may be grasped and learned 
to be reflected on a control law that is owned by said 
control unit to thereby enhance a control ability. 

13. A rotator supporting mechanism as claimed in 
Claim 1 , characterized in that said bearing com- 
prises a bearing supporting both ends of said rotary 
shaft and a vibration control coil arranged around 
said rotary shaft with a predetermined gap being 
maintained from said rotary shaft, said rotator sup- 
porting mechanism further comprises a plurality of 
vibration sensors fitted to said casing side being ar- 
ranged closely to said vibration control coil as well 
as being equally spaced around said rotary shaft 
with a predetermined gap being maintained from 
said rotary shaft and said control unit takes dis- 
placement signals of said gap sent from said plural- 
ity of vibration sensors and , if said displacement sig- 
nals are in excess of a predetermined value, con- 
trols exciting current of said vibration control coil 
and, in controlling the excitation of said vibration 
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control coil, said control unit puts out signals of 
which amplitude is changed by combining a linear 
signal and a non-linear signal corresponding to siz- 
es of said displacement signals so as to effect an 
active vibration control. 5 

14. A rotator supporting mechanism as claimed in 
Claim 13, characterized in that said bearing sup- 
porting both ends of said rotary shaft is a magnetic 
bearing and said magnetic bearing not only func- 10 
tions to support said rotary shaft but also functions 

as said vibration control coil. 

15. A rotator supporting mechanism as claimed in 
Claim 13, characterized in that said vibration con- 15 
trol coil comprises coil portions divided correspond- 
ing to number and position of said plurality of vibra- 
tion sensors and said control unit judges a position 

of the vibration sensor of which displacement signal 
is the largest out of the displacement signals sent 20 
from said plurality of vibration sensors and controls 
exciting current of that coil portion of said vibration 
control coil corresponding to said position of the vi- 
bration sensor. 

25 

16. A rotator supporting mechanism as claimed in 
Claim 14, characterized in that said magnetic 
bearing comprises coil portions divided corre- 
sponding to number and position of said plurality of 
vibration sensors and said control unit judges a po- 30 
sition of the vibration sensor of which displacement 
signal is the largest out of the displacement signals 
sentf rom said plurality of vibration sensors and con- 
trols exciting current of that coil portion of said mag- 
netic bearing corresponding to said position of the 35 
vibration sensor. 

17. A rotator supporting mechanism as claimed in 
Claim 15 or 16, characterized in that said control 
unit measures time-wise changes of the displace- 40 
ment signals sent from said plurality of vibration 
sensors, computes a change rate and an inclination 

of the changes of the respective time-wise changes 
and, based on any of the computation results, ena- 
bles to adjust exciting force of said magnetic bear- 45 
ing so as to effect an appropriate vibration control. 

18. A rotator supporting mechanism as claimed in 
Claim 2, characterized in that said magnetic bear- 
ing supporting both ends of said rotary shaft com- 50 
prises a vibration control magnetic bearing and a 
bias control magnetic bearing that effects a position 
holding of said rotary shaft. 

19. A rotator supporting mechanism as claimed in 55 
Claim 2, characterized in that said magnetic bear- 
ing supporting both ends of said rotary shaft com- 
prises two vibration control magnetic bearings and 



a bias control magnetic bearing arranged between 
said two vibration control magnetic bearings. 

20. A rotator supporting mechanism as claimed in 
Claim 2, characterized in that said magnetic bear- 
ing supporting both ends of said rotary shaft com- 
prises two bias control magnetic bearings that effect 
a position holding of said rotary shaft and a vibration 
control magnetic bearing arranged between said 
two bias control magnetic bearings. 

21. A rotator supporting mechanism as claimed in any 
one of Claims 18 to 20, characterized in that said 
vibration control magnetic bearing functions only to 
effect the vibration control of said rotary shaft and 
said bias control magnetic bearing functions to ef- 
fect the-position holding of said rotary shaft as well 
as to effect a position control of said rotary shaft so 
as to weaken the position holding force of said ro- 
tary shaft while said vibration control magnetic 
bearing is effecting the vibration control. 

22. A rotator supporting mechanism as claimed in 
Claim 2, characterized in that said magnetic bear- 
ing supporting both ends of said rotary shaft is sup- 
ported to said casing side via an elastic support 
mechanism that is arranged on an outer circumfer- 
ential side of said magnetic bearing and a shaftsup- 
porting force of said elastic support mechanism is 
set to a value smaller than a shaft supporting force 
of said magnetic bearing. 

23. A rotator supporting mechanism as claimed in 
Claim 22, characterized in that said elastic sup- 
port mechanism comprises a main body holding 
said magnetic bearing for supporting said rotary 
shaft and a plurality of springs connecting an outer 
circumferential surface of said main body and said 
casing side. 

24. A rotator supporting mechanism as claimed in 
Claim 22, characterized in that said elastic sup- 
port mechanism comprises a main body holding 
said magnetic bearing for supporting said rotary 
shaft and an elastic member, made of an elastic ma- 
terial, connecting an outer circumferential surface 
of said main body and said casing side. 
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Fig. 3 



Start of 
rotation 



Vibration patterns are 
taken from each of the 
vibration sensors. 



Vibration characteristics 
of the demand value and ' 
the vibration patterns 
taken are compared. 



Whether the vibration 
exceeds the demand 
value or not is 
ascertained. 



ill 



1 



SI 



S2 




ri 

i 
I 

i 
i 





i 



S4 




r 



i 
i 

i 

-i 

-J 



Is the rotation to continue 
or finish? 



Finish 



Currents of the coils are controlled so that the magnetic 
repulsive force or attractive force of the electromagnetic 
coils existing at the position of the vibration sensors 
causing the vibration in excess of the demand value may be 
Strengthened and the vibration may be reduced. 
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